This study was focused on nettle ash as an alternative adsorbent for the removal of nickel (II) and cadmium (II) from wastewater. Batch experiments were conducted to determine the factors affecting adsorption of nickel (II) and cadmium (II). The adsorption process is affected by various parameters such as contact time, solution pH and adsorbent dose. The optimum pH required for maximum adsorption was found to be 6. The experimental data were tested using Langmuir, Freundlich and Tempkin equations. The data were fitted well to the Langmuir isotherm with monolayer adsorption capacity of 192.3 and 142.8 mg/g for nickel and cadmium, respectively. The adsorption kinetics were best described by the pseudo second order model. The cost of removal is expected to be quite low, as the adsorbent is cheap and easily available in large quantities. The present study showed that nettle ash was capable of removing nickel and cadmium ions from aqueous solution.
INTRODUCTION
Contamination of water by toxic heavy metals through wastewater discharge by industrial activity is one of the major environmental issues. Rapid industrialization has seriously contributed to the release of toxic heavy metals in the water streams. Mining, electroplating, metal processing, textile and battery manufacturing industry are the main source of heavy metals contamination (Babel and Opiso, 2007; Nwuche and Ugoji, 2008) . Those activities polluted the water streams especially rivers and made them lose their potential value and beneficial use (Kadirvelu et al., 2001; Celik and Demirbas, 2005; Demirbas et al., 2005) . Heavy metals cannot be metabolized and bioaccumulate in organism body. These toxic metals can move through the biological chain thereby reaching human being and leading to chronic and acute ailments. Heavy metal toxicity can result in damage or reduced mental and central nervous function, lower energy levels and damage to blood composition, lungs, kidneys liver and organs (Volesky and Holan, 1995; Zulkali et al., 2006) . Cd is a non-essential and nonbeneficial, highly toxic element to plants and animals (Kefala et al., 1999) . Cd is introduced into the water from smelting, metal plating, cadmium-nickel batteries, phosphate fertilizers, mining, pigments, stabilizers, alloy industries and sewage sludge. Average Cd (II) concentration from plating factories is generally around 15-20 mg/L, in lead mine acid drainage, the concentration can be as high as 1000 mg/L. Cadmium (II) is listed as the sixth most poisonous substance jeopardizing human health. Exposure to lower amounts of cadmium may cause gastrointestinal irritation, vomiting, abdominal pain and diarrhea. Acute exposure may affect kidneys resulting in tubular proteinosis and sometimes fatality (Prasad et al., 2006) The most common adverse health effect of nickel in humans is an allergic reaction; large amounts of nickel can cause lung and nasal sinus cancers. Nickel is also toxic, especially to activated sludge bacteria. The presence of Ni (II) is detrimental to the operation of anaerobic digesters used in wastewater treatment plants. Cd (II) and Ni (II) ions are frequently encountered together in industrial wastewaters. Hence, it is essential to removal Cd and Ni from industrial wastewaters before transport and cycling into the nature environment. Removal of heavy metals from wastewater is usually achieved by physical and chemical processes which include precipitation, coagulation reduction membrane procession change (Gode and Pehlivan, 2006) and adsorption (Krishnani et al., 2008; Abdel-Ghani et al., 2009; Shah et al., 2009 ). All the chemical methods have proved to be much expensive and less efficient than the adsorption process. In addition, chemical methods increase the pollution load on the environment. Adsorption has advantages over the other methods because of simple design with a sludge free environment and can involve low investment in term of both initial cost and land required. Several materials derived from natural resources, plant wastes or industrial by-products such as peat, wood, barley, rice husk, plant straw, rice bran, peanut straw, almond straw hazelnut straw, algal biomass, banana pith, soybean, cottonseed hulls, humic acids, tree bark, sugar beet pulp, leaves, green algae, activated carbon fibers, coconut waste, wood and straw have all been investigated for their ability to sequester trace metals from water. In recent years, numerous lowcost natural materials such as palm shell (Igwe et al., 2008; Onundi et al., 2010) -Rub, 2006; Radhika et al., 2006; Aydýn et al., 2008; Mahvi, 2008; Qi and Aldrich, 2008) were used and investigated for removal of heavy metals from water and wastewaters. In the present work, a cheap, readily available and effective adsorbent material has identified nettle ash as a potentially attractive adsorbent for the treatment of Ni (II) and Cd (II) contaminated aqueous solutions. The effects of adsorbent concentration, pH, contact time and initial metal ion concentration on the adsorption capacity were investigated. The rate kinetics and equilibrium parameters were determined. Adsorption isotherm models and thermodynamic parameters were also investigated. This research was performed in Semnan University of Iran from January until September 2009 in Semnan.
MATERIALS AND METHODS

Materials
All reagents used were of analytical (Merck) grade. Test solutions of binary metal ions were prepared from their nitrate salts by serial dilution of stock cadmium and nickel ion solution (1000 mg/L) using deionized distilled water. Blank solution of deionized distilled water was analyzed by AAS to ensure that it did not contain cadmium and nickel ions. Before mixing these solutions with the adsorbent, pH values of them were adjusted by adding 0.1 mol/L NaOH and 0.1 mol/L HNO 3 . E-632 pH meter (Metrohm) was used to measure the pH values of the solutions.
Adsorbent preparation
In this study, nettle ash was used as an adsorbent for the removal of heavy metals. Nettle is found mostly in northern cities of Iran. This plant is bothersome for farmers and stop process of growth or development of plants, so it should be emitted from this area. To prepare the adsorbent, a certain amount of nettle plants were collected and washed with distilled water. After that the burned dried plant materials was placed into a porcelain crucible at 500 ºC in a muffle furnace for 4 h.
Batch adsorption studies
Batch experiments were carried out at various pH (2-7), adsorbent dose (1-5 g/L) and stirring speed (180 rpm) for a contact time of 60 min. For each batch experiment, 100 mL of 100 mg/ L both metal ions solution was used. After setting pH and adding desired amount of adsorbent the mixture was agitated on mechanical shaker for 60 min. After that the mixture was filtered to separate the adsorbent from supernatant. The residual concentration of both ions was determined by flame atomic spectrometer. All experiments were replicated thrice for all the adsorbents and results were averaged. The removal percentage (R %) of nickel and cadmium were calculated for each run by the following expression:
where C i and C e are the initial and final concentration of both ions in the solution. The adsorption capacity of an adsorbent which is obtained from the mass balance on the sorbate in a system with solution volume V is often used to acquire the experimental adsorption isotherms. Under the experimental conditions, the adsorption capacities of all the adsorbents for each concentration of Ni 2+ and Cd 2+ ions at equilibrium were calculated using Eq. (2). (2)
